One of the major causes for deviation from the HardyWeinberg expectation is inbreeding. In the following I will outline the theory of inbreeding including a brief account on the theory of population subdivision and gene flow. This is of relevance to conservation issues because loss of habitat and fragmentation of habitats induces elevated levels of population structure in endangered species through reduced migration between remaining habitat fragments. Population structure is a major cause of inbreeding. Later in the chapter the relationship between genetic diversity and fitness will be discussed. In that context the issues of inbreeding depression and heterosis will be covered.
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Inbreeding within populations
In understanding the processes that affect allele frequencies in natural populations and thus population structure, it is useful to start with the concept of an 'ideal population' (Wright 1931 (Wright , 1938 . An ideal population is a theoretical concept defined by Wright as 'the number of breeding individuals in an idealized population that would show the same amount of dispersion of allele frequencies under random genetic drift or the same amount of inbreeding as the population under consideration'. In an idealized population mating is assumed to be random and thus all parents have equal expectation of being parents of any progeny. It is sometimes argued that since no natural population ever mates at random, the ideal population has no real meaning. However, this misses the point as the ideal population defines the necessary standard for comparison. As we have already seen in Chapter 1, small population size leads to an accelerated loss of genetic variation, which is highly relevant in a conservation context. The effective population size N e , defined as the population size that is expected given the observed allele frequencies assuming a randomly mating population (i.e. the idealized population size; Kimura and Crow 1963) , is what matters from a conservation genetic perspective, not the census population size N.
(p.38) The Hardy-Weinberg model is used to predict how allele frequencies in diploid populations are affected by mating and meiosis. During meiosis haploid gametes are produced by diploid individuals, which are then united during mating to form new diploid individuals. It is thus useful to be able to calculate genotypic frequencies from allelic frequencies and vice versa. This can be done using the well-known Punnet square. After one generation of random mating, any population will reach equilibrium where Mendelian segregation does not alter the allelic frequencies (Box 3.1).
As indicated above, non-random mating will cause deviation from the Hardy-Weinberg equilibrium. There are two such processes: assortative mating and inbreeding. Assortative mating, when similar individuals tend to mate with one another, will only affect the locus affecting mating and will change the homozygosity only at that locus. For example, if colour dimorphism is controlled by two alleles segregating at a locus, the heterozygosity at this locus will be lower than expected by chance if individuals of the same colour tend to PRINTED FROM OXFORD SCHOLARSHIP ONLINE (www.oxfordscholarship.com). (c) Copyright Oxford University Press, 2018. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a monograph in OSO for personal use (for details see www.oxfordscholarship.com/page/privacy-policy). Subscriber: HINARI; date: 19 December 2018 mate with their own kind. Conversely, if there is disassortative mating (mating between divergent individuals being more likely) heterozygosity will increase at the loci affecting the trait. This may be the case with some major histocompatabilty (Mhc) loci where disassortative mating is sometimes observed (Milinski 2006) . This may (p.39) explain why Mhc polymorphisms are prevalent in many populations (Piertney and Oliver 2006; see Chapter 5 in this volume).
In diploid organisms haploid gametes are formed during meiosis and mating produces new diploid individuals. It is therefore useful to be able calculate allele frequencies in gametes from knowledge of genotype frequencies in the zygotes (and vice versa) . This is done with the aid of the Punnet square. Given a diallelic locus, the frequency of AA is P′ = p 2 , that of Aa is H′ = pq + qp = 2pq, and that of aa is Q′ = q 2 . At equilibrium,
This shows that after one generation of random mating Mendelian segregation does not alter the allele frequencies. Unlike assortative (or disassortative) mating, inbreeding will affect homozygosity on a genome-wide level. Inbreeding is defined as matings between individuals in a population that are more closely related than expected by chance. The inbreeding coefficient, f, describes the probability that two alleles at a locus are identical by descent. This is to say, both are copies of one particular allele inherited by common ancestry. The inbreeding coefficient is calculated by drawing two random alleles from the population. After the first allele is drawn there is a probability f that the second will be the same as the first. For example, if the probability of the first allele being A is p, then the probability that the second allele is A (identical by descent) is f. Thus, the probability that the two alleles are identical by descent (IBD) is
The alternative to being identical by descent is identical by state (IBS); that is, the alleles are the same but they do not descend from the same ancestral state, which is given by where p 2 is the probability of drawing a similar allele and (1−f) is the probability of not being identical by descent.
Thus the frequency of AA genotypes is (p.40) With some algebra and remembering that p = 1 − q we get
In general, it can be shown that where the first terms after the equal signs are the usual HardyWeinberg expectations and the second terms describe the deviation from Hardy-Weinberg, as a consequence of inbreeding. It follows that if f tends to 1 (complete inbreeding), the heterozygosity, H, tends to 0 and thus inbreeding decreases the heterozygosity.
The inbreeding coefficient of an individual can be estimated from pedigrees (Wright 1969 , Malécot 1948 ). Wright's method involves path analysis whereby, in a pedigree, the probability that an individual will be homozygous because of an ancestor shared on each side of the pedigree is calculated (Box 3.2).
In conservation studies of wild animals and plants, pedigree data are rare although some field studies have been able to infer pedigrees by observation or indirectly via genetic markers (Laikre et al. 1997 , Kruuk et al. 2002 To simplify matters, we may start by only looking at the shared ancestors. Consider a gene of which Gustav has two different alleles, a1 and a2. Whichever is passed to Erik has a 50% chance of being passed to Kurt. At the same time, there is also a 50% chance that the same allele is passed from Gustav to Pia and a 50% chance it is passed from Pia to Kurt, if Pia has it. The total probability that Kurt will be homozygous for a1 or a2 because of the common grandfather is 0.5 × 0.5 × 0.5 = 0.125 (12.5%).
Wright developed the method of path analysis to calculate inbreeding coefficients in pedigrees (Wright 1969) . Applied to the example above the path from Kurt to the common ancestor Gustav and back again on the other side of the pedigree (Kurt-Erik-Gustav-Pia-Kurt) is determined, the number of individuals in the path excluding Kurt is counted (there are three: Erik, Gustav, Pia), and then 1/2 to the power of n (where n is the number of ancestors) is calculated. This gives In the case there is more than one common ancestor each closed path is counted and the probabilities are summed. As an example take the offspring of first cousins (who have two shared great-grandparents):
It is usually assumed that the common ancestor has f = 0. However, sometimes the f of the common ancestor is known. In such cases this f is added to the total probability. For example, if Gustav is the product of a first-cousin mating, Kurt's f value is:
where f A is the inbreeding coefficient of Gustav.
In general:
where n is number of closed path lengths and N is the set of all common ancestors for those path lengths (Wright 1969 In theory, inbreeding is expected to increase in any closed population of finite size ( Fig. 3.2 ). As noted above, the inbreeding coefficient is the probability that two alleles at a locus are identical by descent. This can also be interpreted as the probability that in the previous generation two alleles in two different individuals are identical by descent. F = 0 implies no inbreeding and F = 1 implies complete inbreeding and that all individuals are genetically similar. In a closed population (no immigration or emigration allowed) and if we ignore mutation (as mutation (p.44) is an unlikely event and nearly nonexistent in small populations), F increases over time. This is because genetic drift will cause the extinction of some alleles and fixation of others. The result is that individuals in later generations are more likely to carry alleles that are copies of the same ancestral alleles.
The rate at which inbreeding increases with time is where F is the inbreeding coefficient, N is population size, and t is the number of generations. Since genetic drift is the principal agent and is a stochastic process there is always random variation around the expected value. From the equation it can also be seen that inbreeding increases faster when N is small as compared to when N is large (see Fig. 3 .2).
It follows that in closed populations, inbreeding increases over time even if the population is mating at random. However, real populations are often stratified into family groups of different sizes. In such stratified populations it has been suggested that the chance that individuals will mate more easily with a consanguineous individual (close relatives) is increased when population size is small (Cavalli-Sforza et al. 2004 ). This follows from the fact that there are a limited number of families and that families will share common ancestors more quickly when population size is small.
There are numerous examples of studies attempting to estimate the level of inbreeding from standing levels of genetic variation in natural populations. The following example is from my own research group's work on the black grouse Tetrao tetrix in populations in western Europe. The black grouse is a sedentary bird species adapted to the ecotone between open myre/moorland within taiga forest habitats. It has a breeding range from Britain in the west to the borders of China and Korea in the east. Not much is known about population trends in the east but the species has been carefully monitored in the western part of its range. Here, there has been a general decline in population size, range contraction, and fragmentation of habitats during the last 100 years (and perhaps longer; BirdLife International 2004). In some Western European countries where the species occurred in higher numbers previously, only small isolated remnant populations remain and in Denmark the species has gone extinct within the last few decades.
We sampled genetic variation at eight microsatellite loci in five populations and found that observed levels of heterozygosity did not depart from expected values in four of the populations ( reduction in observed heterozygosity suggestive of past inbreeding (Höglund et al. 2007 ). Due to successful conservation efforts this population is now locally relatively abundant. However, like all English black grouse populations, the one sampled in the study has been severely threatened and its habitat fragmented during the last 100 years.
Population structure
As briefly discussed in the previous chapter, the extent of population subdivision is an important parameter in identifying and diagnosing threatened populations. When a large and widespread population is reduced in numbers it is likely to become locally extinct in areas where the previous population density was low for various reasons. If the population decline is severe, the range contraction following the decline may be so extensive that the emerging subpopulations may become relatively isolated. If left in isolation long enough, subpopulations evolve independently and local adaptation and genetic drift both contribute to building up genetic differences among subpopulations (Charlesworth et al. 2003) .
(p.46)
One consequence of a geographically subdivided population is that the structure causes inbreeding (Wright 1921 (Wright , 1969 . Imagine a large population that is split into many smaller populations of equal size. In such a system (metapopulation), gene flow between the subunits is the same as the probability that a random allele in any of the subpopulations is from a migrant, such that
where Δp is the change in allele frequency after the migration event, p 1 is the allele frequency in the donor population, and p 2 is the allele frequency in the recipient population. Now gene flow, which is governed by the number of migrants, can be determined by multiplying m by population size N.
In the absence of selection, the genetic structure of any population is determined by both the inbreeding within the population and gene flow. The frequency and strength of these events determine the genetic structure. As with inbreeding within populations, population genetic substructuring can be assessed via deviations from Hardy-Weinberg expectations.
Assume that there are three levels of population structure. I is the level of individuals, S is the level of subpopulations, and T is the total population, for example the species under study (Fig. 3. 3). It follows that H I is the heterozygosity observed in an average individual, H S is the average heterozygosity expected within randomly mating subpopulations, and H T is the expected heterozygosity within the total population.
In a metapopulation the extent of population subdivision can be determined as It follows that As many threatened species are facing conservation problems that are related to fragmentation of previous ranges, smaller population sizes, and more and more isolated subpopulations it is evident that human impact has consequences for the patterns of inbreeding in threatened species. Thus we may predict that in general F IS will tend to increase in small and isolated populations as a result of increased inbreeding. However, this is not always the case and I will return to possible causes for why not below. Another general prediction relevant for conservation is that F ST among subpopulations tends to increase as a consequence of population fragmentation.
Effective population size
In almost any application in conservation biology population size is one of the most important parameters to understand. As already noted in Chapter 1 and above, the population size that matters in conservation genetic studies is not (p.48) always the census population size. Instead it is the number of individuals which actually reproduce and propagate their genetic material to future generations that is the determining factor for future genetic variation. Therefore geneticists are concerned with the effective population size, N e . Theoretically this is defined as the population size that is expected given the observed allele frequencies assuming a randomly mating population.
With knowledge of the mutation rate µ it is possible to calculate the population parameter θ as
Thus with knowledge of the heterozygosity in the population and the mutation rate it is possible to determine effective population size, for example via N e depends on many factors but the three most important are as follows. Estimating N e in wild populations with overlapping generations is not a trivial task (Jorde and Ryman 1995) . N e can be estimated both globally and locally and in the long and short term. The N e estimated from heterozygosity is the longterm N e . Jorde and Ryman (1995, 1996) The authors assessed the amount of spatiotemporal genetic variation at 17 allozyme loci and estimated current N e in two populations of stream-resident brown trout, Salmo trutta, using data collected over 20 years ( Fig. 3.4) .
Examples of population structure in endangered species
In my group's studies of the natterjack toad in the Bohuslän archipelago on the west coast of Sweden we observed substantial population differentiation among islands, when estimated both with microsatellite loci ( This suggests that migration between these populations has been limited in the past and that any possible colonization/ recolonization events may have been subjected to strong combination of genetic drift (more drift in smaller populations) and lower levels of gene flow (lower in more isolated populations).
Inbreeding depression
Inbreeding may become prevalent, especially in small and isolated populations. Inbreeding is manifested through nonrandom mating and, as concluded above, reduces heterozygosity. It follows that the opposite of inbreedingoutbreeding-may increase the level of heterozygosity. Neither inbreeding nor outbreeding as such may have any fitness consequences and thus need not be harmful to populations. However, when there are negative fitness effects on individual phenotypes, inbreeding becomes of particular concern to conservation biology.
Under certain circumstances inbreeding may lead to inbreeding depression and generally outbreeding leads to socalled heterosis (hybrid vigour). If the mating individuals are too genetically dissimilar, however, outbreeding may lead to negative fitness effects, known as outbreeding depression. It follows that there is an optimal level on the inbreedingoutbreeding continuum.
There are two general, and not necessarily exclusive, hypotheses of why inbreeding may lead to inbreeding depression (Charlesworth and Charlesworth 1987, 1999) . The first, the so-called partial dominance hypothesis, states that inbreeding depression is due to the effects of recessive deleterious alleles. Recessive lethal or nearly lethal alleles segregate in many populations at low frequency. When inbreeding increases homozygosity, the chance that any of these alleles will be found in the homozygous state, and thus expressed at any locus, is increased. The second explanation, the overdominance hypothesis, states that inbreeding depression is caused by a general decline in heterozygosity in inbred populations. It has sometimes been observed that heterozygous genotypes have a superior performance (heterozygote advantage) over any homozygous genotype (e.g. the famous case of sickle cell anaemia and resistance to malaria in humans). With inbreeding there is a general genome-wide reduction in heterozygosity which may cause a general decline in overdominance and thus cause inbreeding depression. Under both of these hypotheses the extent of inbreeding depression in a population depends on the genetic load of the population. Genetic load is defined (p.52) as the accumulation of recessive alleles and/or loss of heterozygote advantage. However, there is one important difference between the two hypotheses. Under partial dominance natural selection will eventually remove the alleles causing inbreeding depression. This cannot happen with overdominance.
In recent years, it is fair to say that the partial dominance hypothesis has received more attention although researchers are always careful to point out that both processes may occur simultaneously. In the few species in which inbreeding depression has been studied carefully about half of the effects of inbreeding are due to recessive lethal alleles and the rest due to loss of heterozygote advantage (or other genetic mechanisms that are not diminished by natural selection; Lacy and Ballou 1998).
The number of lethal equivalents per diploid genome is an estimate of the average number of alleles per individual in the population if all deleterious effects of inbreeding were due entirely to the expression of recessive lethal alleles (Morton et al. 1956 ). This means that in a population in which inbreeding depression is prevalent, one lethal equivalent per diploid genome may mean one recessive lethal allele per individual, or there may be some other combination of recessive deleterious alleles which equates to this in effect.
One method to estimate inbreeding depression is via the logarithmic model:
where S is survival (or some other fitness measure), f is the inbreeding coefficient, and A and B are parameters. Thus in a pedigree or in experimental crosses the inbreeding coefficient of each individual in a sample is determined and regressed against the logarithm of survival (Morton et al. 1956) . A may thus be interpreted as the logarithm of survival in the absence of inbreeding and B is the portion of the lethal equivalents per haploid genome. Recent results using this approach relevant to conservation has been reported, for example, in the guppy (Nakadate et al. 2003 , van Oesterhout et al. 2007 ).
Inbreeding depression is prevalent in captive and experimental populations and is variable in extent both among and between species and study populations (Lacy and Ballou (Kruuk et al. 2002) . Similarly, a study of an island population of red deer Cervus elaphus has shown inbreeding depression in the wild (Coulson et al 1998 , 1999 , Slate et al. 2000 .
A small, introduced population of muskoxen, Ovibus moscatus, resides in the Norwegian mountains on the border to Sweden. Five animals immigrated to Sweden in 1971 and inbreeding depression has been inferred in the Swedish population, which is very likely to go extinct in the near future (Laikre et al. 1997 ; Fig. 3 .5).
Despite the overwhelming support for the prevalence of both inbreeding and inbreeding depression in natural populations there are still studies that fail to detect inbreeding depression in studies of endangered species. Many plant species and populations of plants are self-fertilizing. This means that at least sometimes, if not always, inbreeding is complete (F = 1) in such populations (Schemske and Lande 1985) . In animals, some populations with known severe inbreeding show no detectable signs of inbreeding depression (e.g. Groombridge et al. 2000) . One explanation for the absence of inbreeding depression in these cases is that the population history may affect the severity of inbreeding depression. This may also explain the observation that in captive and experimental populations, inbreeding depression is variable in extent both among and between species and study populations.
During inbreeding or during population-size bottlenecks, genetic variation is lost and along with a general loss of genetic variation the deleterious variation is also lost. In other words, the genetic load of the population may become reduced. However, while purging of deleterious recessives by natural selection may occur under some circumstances both theoretical and empirical evidence question the effect of population-size bottlenecks. Thus a distinction between slow and fast inbreeding is often made.
Under slow inbreeding natural selection is allowed to act upon a population for many generations (Frankham et al. 2001) . In a theoretical study (Kirkpatrick and Jarne 2000) showed that inbreeding depression decreases immediately after a sudden reduction of population size, but the drop is modest even for severe bottlenecks. Highly recessive mutations experience a purging process that causes inbreeding depression to decline for a number of additional generations but the (p.54) (p.55) absolute fall in inbreeding depression may often be only a few percentage points for bottlenecks of 10 or more individuals.
It has thus been suggested that in captive populations the breeding programme ought to mimic slow inbreeding as much as possible. However, there is controversy regarding the effectiveness of purging in reducing the extinction risk. Frankham and coworkers (2001) evaluated the effects of purging on the extinction risk due to inbreeding in experimental Drosophila melanogaster populations. Overall there were small and non-significant differences between the extinction rates in the non-purged and purged treatments, indicating that the effects of purging were small.
Under fast inbreeding the period allowed for natural selection to act is too short to remove lethal alleles from the population and thus fast inbreeding is not predicted to have any measurable effect on inbreeding depression. Observe that the terms fast and slow inbreeding refer to extremes of a continuum and that here is no categorical difference between the two.
Heterozygosity-fitness correlations
As outlined above, inbreeding may severely hamper individual survival and performance and thus contribute to population declines and eventually local extinction. Much focus in conservation biology has therefore been directed towards detecting and measuring the negative effects of inbreeding in endangered populations (review in Hedrick and Kalinowski 2000, Keller et al. 2006) . Ideally inbreeding can be estimated with the aid of pedigree information (Wright 1922), a method commonly employed to minimize inbreeding within zoo populations (Kalinowski and Hedrick 1998). However, pedigree information is not easily obtained in wild, free-ranging populations. Researchers have therefore tried various methods to estimate the negative effects of inbreeding indirectly. Most of the methods are based on the logic that inbreeding reduces heterozygosity and therefore less-heterozygous individuals should be more inbred (Coltman et al. 1998 , 1999 , Coulson et al. 1998 , Pemberton et al. 1999 . This approach has lately been criticized severely on both empirical and theoretical grounds and methods to infer pedigrees via molecular data are strongly advised (Pemberton 2008 One such study has been performed by my own research group. We used data from a large sample of male black grouse whose performance had been monitored in the field and which had been genotyped at 15 microsatellite loci. Male lifetime lekking performance was studied, and related to indirect measures (p.56) of inbreeding in a wild population in central Finland between 1989 and 1995 (Höglund et al. 2002 . Inbreeding was approximated with two estimates of heterozygosity (the lower the heterozygosity the greater the inbreeding). We found a significantly positive relationship between one of the measures of heterozygosity and lifetime copulation success (LCS), while the relationship of the other heterozygosity measure with LCS was close to significant. We also found that males that never obtained a lek territory had lower mean heterozygosity than males that were observed on a territory during at least one mating season in their life. Furthermore, among males that were successful in obtaining a lek territory, LCS and heterozygosity were highest for those males that held central territories. These data imply that heterozygous males had an advantage in the competition for territories. Whether these correlations are ultimately driven by inbreeding is unknown but if they are, inbred males have lower fitness than outbred males. The generality of the effect has been questioned on two grounds. First, there may be a publication bias in favour of studies that do find a significant correlation while studies that do not find the relationship fail to become published. Second, the effect sizes reported are often small (Coltman and Slate 2003) . It has been pointed out that since the effect is generally small, a large number of individuals (p.57) and marker loci need to be involved to avoid statistical Type II errors and something in the order of 10000 genotypes (individuals multiplied by the number of loci) need to be studied to allow meaningful interpretations (Slate and Pemberton 2002). These are numbers rarely, if ever, reached in empirical studies, especially in endangered and small populations.
Part of the debate on how to interpret heterozygosity-fitness correlations concerns the mechanism involved in generating a positive correlation, if it exists. Three hypothesis have been put forward (see Hansson and Westerberg 2002 for a review). The first hypothesis is the so-called general-(or global-) effect hypothesis. Under this hypothesis, a positive correlation between heterozygosity and fitness is driven by the genomewide loss of heterozygosity due to inbreeding and the negative effects of inbreeding depression. The marker loci used are, under this hypothesis, not directly involved or linked to loci causing inbreeding depression, but are selectively neutral markers of a genome-wide loss of heterozygosity. The hypothesis thus predicts that the heterozygosity at all marker loci used should be correlated.
The local-effect hypothesis suggests that the correlation between heterozygosity and fitness is due to the negative effects of homozygosity at functional loci. Thus the effect is driven by linkage disequilibrium between particular marker loci and particular loci affecting fitness. This hypothesis thus predicts that the heterozygosity at the marker loci should be uncorrelated.
The final hypothesis is the direct-effect hypothesis that explains the heterozygosity fitness correlation by a direct effect of particular marker loci. This effect is believed to be most severe when the marker loci used are allozymes or functional genes (like Mhc loci). This hypothesis is thus not assumed be applicable to microsatellites which are almost invariably assumed to be neutral. However, there is increasing evidence that microsatellite repeat numbers may sometimes have functional significance by, for example, influencing replication and gene expression (e.g. Chistiakow et al. 2006) . However, for most microsatellites the direct effect is most likely of minor importance.
There seems to be a general consensus that the general-effect hypothesis cannot explain all heterozygosity-fitness relationships. Thus inbreeding, measured by inbreeding coefficients, as a single and general explanation to these relationships, is refuted (Coulson et al. 1998 , Balloux et al. 2004 , Pemberton 2004 , Slate et al. 2004 . Instead two more complicated scenarios are envisaged. First, it has been proposed that inbreeding coefficients do not completely estimate the total proportion of an individual's alleles that are identical by descent (Markert et al. 2004) . To see this: full sibs on average share 50% of their genomes and have an inbreeding coefficient of 0.25. This is on average: individual dyads could still share more (or less) of their genomes. This explanation thus implies that multilocus heterozygosity is a better measure of (p.58) inbreeding and susceptibility to inbreeding depression than inbreeding coefficients and could explain why heterozygosity-fitness correlations are found even within groups of individuals with the same inbreeding coefficient.
The other explanation for heterozygosity-fitness correlations is the local-effect hypothesis, that some marker loci are in physical linkage disequilibrium with selected parts of the genome. This explanation appears to be relevant in some but not all empirical studies (reviewed by Kempenaers 2007; see also Ferreira and Amos 2006) . As far as current evidence goes it seems prudent to suggest that both of these explanations could be considered when trying to understand empirical data. et al. 1998; Swedish adders, Madsen et al. 1999 , 2004 . In each of these examples the claims have been made that a previously dwindling population, each with signs of inbreeding depression for traits related to fecundity or aberrant traits indicative of inbreeding, have disappeared after the introduction of new blood. In each of these cases there has also been evidence of populations which previously exhibited negative growth reversing this trend and starting to grow in size.
None of these examples is uncontroversial (see for example Creel 2006 , Maehr et al. 2006 , Mills 2006 , Pimm et al. 2006b , Culver et al. 2008 in the case of the Florida panther). All of the studies involved monitoring of free-living populations subjected to various conservation efforts. As such they are not controlled laboratory experiments where potential confounding factors except genetic ones can be controlled for. For example, as well as moving animals from genetically more diverse populations to a threatened one there has typically also been (p.59) other measures taken to improve the conditions of the focal population, such as habitat improvements, predator control, supplemental feeding, etc.
Thus it may be difficult to ascribe any improvement to the genetic effect even if the results are as predicted and there had been a genetic restoration. The explanations to an increase could be: (1) an increase in genetic variation which may release the population from adverse genetic effects such as inbreeding depression, (2) demographic effects derived by the increase of population size, or (3) a combination of the two.
We examined the effects of a supported release of green toads Bufo viridis into a critically endangered population on the small Baltic island Utklippan (B. Rogell et al., unpublished results) . This supported release resulted in a rapid increase in population size. With AFLPs we estimated the genetic variability in both the post-introduction Utklippan population and in the supported release population. The allele frequencies in the two populations were used to calculate which effective population size that would result in the observed amount of genetic drift over one generation and we were able to show that the recovery after the supported release was associated with a very strong bottleneck (N e was less than two individuals). Therefore, it is unlikely that the successful supported release can be attributed solely to a genetic restoration, and that demographic effects are likely to be highly important in this case. However, neutral genetic variation may be less informative than quantitative measurements of variability (Reed and Frankham 2001) . It is therefore not possible to completely exclude the importance of genetic restoration of the green toad population on Utklippan.
Conclusions
Inbreeding is a fact in any closed, non-randomly mating population and inbreeding becomes more severe when population size is small. If inbreeding leads to inbreeding depression this may have severe consequences for threatened populations. Thus, several authors have advocated so-called genetic rescue projects in which the genetic variability of natural populations may be restored by transplantation from other populations of the same species. However, such genetic rescue projects are not uncontroversial and in most of the published cases there has been a debate as to whether any possible positive effect is due to the restoration of the genetic diversity or simply due to a demographic effect. It seems safe to conclude that when effective population size has become low (N e < 10) in a short space of time and when there are
